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Plasma display panel drive apparatus and drive method 
BACKGROUND OF THE INVENTION 



The present invention relates to a plasma display panel 
drive apparatus and to a drive method therefor, and more 
particularly to a plasma display panel drive apparatus with 
improved display quality and a drive method therefor. 
2 . Related Art 

In a plasma display panel, a charge recovery circuit 
is provided to improve the power efficiency. 

A basic approach to charge recovery by the charge 
recovery circuit is that which focuses on the functioning of 
an AC --type plasma display as a capacitor after the completion 
of discharge, wherein the electrical charge accumulated on 
the panel is extracted using an LC resonant circuit, this 
being used when discharging again, thereby reducing the 
reactive power and improving the power efficiency. 

However, if the time constant of the LC resonant circuit 
is made large in order to achieve a sufficient recovery 
efficiency, the action of electrical charge recovery causes 
a loss of sharpness in the sustaining pulse applied to the 
scanning and common electrodes, so that there is a tendency 
for discharge to start before the drive voltage has risen 
completely. If discharge occurs midway during electrical 
charge recovery, the discharge current is supplied from the 
LC resonant circuit rather than the power supply line, the 
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energy stored in the inductance being the only source of 
supply, so that the power supply capacity is small, making 
the voltage drop due ro the discharge current large. Because 
of this voltage drop, the discharge is weakened, resulting 
in a reduced intensity. 

A strong discharge can be caused in order to increase 
the intensity. It is also effective to make the rising edge 
and the falling edge of the drive waveform sharp, and this 
can be achieved by advancing the timing after the charge 
recovery at which the electrode potential is fixed at the 
power supply potential. If this is done, however, there is 
not only a decrease in the charge recovery efficiency, but 
there is an increase in the variation in intensity 
(hereinafter referred to as the load variation) caused by a 
variation in the display load amount, which is established 
by the number of light-emitting pixels in one line. 

However, in order to reduce the variation in the 
intensity and obtain smooth gray-scale characteristics, it 
is preferable to retard the timing of fixing the electrode 
potential to the power supply potential , and it is difficult 
to achieve these conflicting conditions. 

Accordingly, in order to improve on the above-noted 
drawbacks in the prior art, it is an object of the present 
invention to provide a novel plasma display panel drive 
apparatus and drive method therefor, wherein when the overall 
screen display intensity is high and an image is displayed 
that requires smooth gray-scale rendering, the clamp timing 
of the sustaining pulse is controlled so as to give priority 
to gray-scale characteristics, and when the overall screen 
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display intensity is low and a high peak intensity is 
required, the clamp timing of the sustaining pulse is 
performed so as to achieve a high peak intensity, thereby 
improving the display quality, 
5 SUMMARY OF THE INVENTION 

To achieve the above-noted object, the present 
invention has the following basic technical constitution. 

Specifically, a first aspect of the present invention 
is a drive apparatus for a plasma display panel comprising 
10 a charge recovery circuit that refuses a recovered electrical 
charge, the drive apparatus comprising: a brightness 
detection means for detecting a brightness so as to obtain 
screen brightness information; and a charge recovery timing 



J] 

Jj: control means for controlling a charge recovery period from 



^j: 15 a time at which a charge recovery operation of the charge 

J| recovery circuit starts to a time of fixing to a sustaining 



potential or a ground potential, wherein the charge recovery 
timing control means controls the charge recovery period of 
the charge recovery circuit in response to the brightness 

20 information obtained by the brightness detection means. 

In a second aspect of the present invention, the 
brightness detection means comprising: an image signal 
accumulator for accumulating an brightness of each pixel of 
the plasma display panel for each frame or for each field of 

25 an image signal; and an accumulated value comparator for 
determining whether an accumulated value detected by the 
image signal accumulator is larger or smaller than a 
prescribed value. 

In a third aspect of the present invention, the image 
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signal accumulator accumulates an brightness of all pixels 
in an effective display area of the plasma display panel. 

In a fourth aspect of the present invention, the image 
signal accumulator accumulates only a brightness of pre- 
established pixels within an effective display area of the 
plasma display panel. 

In a fifth aspect of the present invention, the charge 
recovery timing control means controls so that, when the 
accumulated value obtained by the image signal accumulator 
is lower than a prescribed value the charge recovery period 
is made relatively short, and further so that, when the 
accumulated value obtained by the image signal accumulator 
is higher than the prescribed value the charge recovery period 
is made relatively long. 

In a sixth aspect of the present invention, the charge 
recovery timing control means controls to change the charge 
recovery period for only a sub-field that has a relatively 
large brightness weight, and to leave the charge recovery 
period for a sub-field having a relatively small brightness 
weight unchanged. 

In a seventh aspect, the apparatus of the present 
invention further comprising a pixel counting means for 
counting a number of pixels of a brightness exceeding a 
pre-established reference brightness, wherein in a case in 
which a value counted by the pixel counting means is below 
a pre-established value, the charge recovery timing control 
means control so as to make the charge recovery period 
relatively long. 

In a eighth aspect of the present invention, the image 
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signal accumulator accumulates an brightness of each pixel 
and then determines the average brightness. 

In a ninth aspect of the present invention, the 
brightness detection means comprises a power consumption 
5 detection means for measuring a power consumption of the 
plasma display panel. 

A tenth aspect of the present invention is a method for 
driving a plasma display panel comprising a charge recovery 
circuit for re-using a recovered electrical charge, the 
10 method comprising: a first step of accumulating a brightness 
of each pixel of the plasma display panel for each frame or 
for each field of an image signal; a second step of comparing 
jj]: the value accumulated in the first step so as to determine 

whether the value is larger or smaller than a prescribed 
01 15 value; a third step of changing a charge recovery period from 



a time at which a charge recovery operation of the charge 
recovery circuit starts to a time of fixing to a sustaining 
m potential or a ground potential, in response to the comparison 



results obtained in the second step. 

20 In a drive circuit for an AC-type plasma display panel 

according to the present invention, the operational timing 
of the charge recovery that is performed mainly for the 
purpose of improving power efficiency is variably controlled 
in response to an accumulated value of the intensity of the 

25 input image signal for each frame or each fields so that when 
the input signal accumulated value is low control is performed 
to ma}ce the charge recovery period from the starting point 
of the charge recovery operation to the time of fixing to the 
sustaining potential or the ground potential short, resulting 
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in an increase in the peak brightness for a small^area 
display, and further so that when the input signal accumulated 
value is high, control is performed to make charge recovery 
period from the starting point of the charge recovery 
5 operation to the time of fixing at the sustaining potential 
or the ground potential long, the overall result being an 
increase in the peak intensity in a dark image, without a 
sacrificing of gray-scale characteristics for a bright image . 
Fig. 4 of the accompanying drawings is a graph showing 
10 the peak intensity variation, with the charge recovery period 
f3:om the starting point of the charge recovery operation to 
the time of fixing to the sustaining potential or the ground 
potential taken as a parameter^ for the case in which the 
'il^ overall screen is dark, with just a specific small surface 

0|: 15 area thereof having a high brightness. 

As can be seen from this drawing, if the charge recovery 
U),^ period is made short, if only a small surface area of the 

display has a high Intensity it is possible to make the peak 

CI brightness high. However, because the electrode potential is 

Q 

20 Clamped before the charge recovery is completed,, in addition 
to a decrease in the power efficiency, there is a large 
variation in brightness dependent on the load amount. 

If the charge recovery period is made long, because 
sufficient charge recovery is achieved, the power efficiency 
is good and there is not a great variation in intensity related 
to the amount of load, although the peak intensity is low when 
compared to the case of making the charge recovery period 
short . 

The present invention was made in consideration of the 
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above-noted effect and, for the case of a relatively bright 
display screen that has a high average image intensity level, 
because there is a need for smooth gray-scale 
characteristics, the present invention makes the charge 
5 recovery period long, but in the case in v/hich the average 
image intensity is low^ and the image is relatively dark, the 
present invention makes the intensity of a relatively small 
surface area requiring the peak intensity high, thereby 
seeking to achieve both good gray-scale characteristics and 
10 peak intensity characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Q 

•Jl Fig, 1 is a block diagram of a drive apparatus for a 

X] 

i.j plasma display panel according to the present invention. 

Fig. 2 is a circuit diagram showing a first embodiment 

"J 

PI 15 of a charge recovery circuit according to the present 

invention. 

Fig. 3 is a drawing showing a sustaining pulse. 
Fig. 4 is a graph showing the relationship of the peak 
O intensity to the potential fixing starting timing, 

rv 20 Fig, 5 is a block diagram showing a second embodiment 

of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of a plasma display panel drive 

apparatus and drive method according to the present invention 
25 are described in detail below, with references made to 

relevant accompanying drawings. 

Fig . 1 shows a first embodiment of a plasma display panel 

drive apparatus according to the present invention. 

The plasma display panel drive apparatus shown in Fig. 
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1 comprises a plasma display panel 14, the electrical charge 
of which is recovered by the charge recovery circuit 12 and 
re-used, this drive apparatus has an image signal accumulator 
16, for accumulating the intensity of each pixel of a plasma 
5 display panel for each frame or for each field of an image 
signal, an accumulated value comparator 17 for performing a 
comparison to determine whether an accumulated value detected 
by the image signal accumulator 16 is larger or smaller than 
a prescribed value, and a charge recovery timing controller 

10 4 for the purpose of varying the charge recovery period T 
(refer to Fig. 3) from the time at which the charge recovery 
operation of the charge recovery circuit starts to the time 
of fixing at a sustaining potential or the ground potential, 
based on the comparison results of the accumulated value 

15 comparator 11, wherein the charge recovery timing of the 
charge recovery circuit 12 is controlled in accordance with 
the screen intensity detected by the image signal accumulator 
16. 

It is a feature of this embodiment that the image signal 
20 accumulator 16 accumulates the intensity of all pixels of the 
effective display area of the plasma display panel 14. 

It will be understood that the configuration can 
alternately be one in which the image signal accumulator 16 
partially samples the pixels to be accumulated, so that the 
25 intensity of only pre-established pixels of the effective 
display area of the plasma display panel is accumulated. 

When the accumulated value obtained by the image signal 
accumulator 16 is lower than the prescribed value, the charge 
recovery timing controller 4 performs control so that the 
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charge recovery period T (Fig. 3) is made relatively short, 
and when the accumulated value obtained by the image signal 
accumulator 16 is higher than the prescribed value, the charge 
recovery timing controller 4 performs control so that the 
charge recovery period T is made relatively long. 

It is alternately possible to use a configuration in 
which the image signal accumulator 16^ after accumulating the 
intensity of each pixel, determines an average intensity. 

Another alternate configuration of the present 
invention is one in which the charge recovery timing 
controller 4 performs controlling of the charge recovery 
period T for only a sub-field having an intensity weight that 
is relatively large, and does not control the charge recovery 
period for a sub-field having a relatively small intensity 
weight . 

The first embodiment of the present invention is 
described in further detail below. 

Referring to Fig. 1, the first embodiment of the present 
invention is formed by a data processing circuit 2, a drive 
control circuit 3, a data electrode drive circuit 9, scanning 
electrode drive circuit 10 ^ a sustaining electrode drive 
Circuit 11, a charge recovery circuit 12, an a plasma display 
panel 14. 

The data processing circuit 2 has an image signal 
accumulator 16 and an accumulated value comparator 17. The 
image signal accumulator 16 accumulates the intensities of 
all R, G, and B pixels for each frame or for each field of 
a TV signal so as to obtain an accumulated intensity value 
, and detects an average intensity of the plasma display 
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panel, and the accumulated value comparator 17 performs a 
comparison to determine whether the accumulated intensity 
value or average intensity value detected by the image signal 
acciimulator 16 is larger or smaller than a prescribed value. 

The drive control circuit 3 has a charge recovery timing 
controller 4 and an intensity controller 5. 

The image signal accumulation signal 6, which is the 
output signal frointhe image signal accumulator 15, indicates 
the average intensity of the accumulated value, and includes 
a value indicating the average intensity level of the screen . 
At the intensity controller 5, in order to obtain a inaximum 
peak intensity within the allowable power consumption, the 
value of the image signal accumulation signal 6 is used to 
control the number of sustaining pulses generated at the drive 
controller 3, 

Additionally, an intensity control signal 21 is output 
from the intensity controller 5, this intensity control 
signal 21 being sent to the charge recovery timing controller 
4, so that the operational timing of charge recovery is 
optimized, in synchronization with the intensity controller 
5. 

Fig, 2 is a circuit showing a charge recovery circuit 
12 according to the present invention, in which the reference 
numeral 12 denotes a charge recovery circuit formed by a coil 
L and a capacitor C, which recovers a charge by control of 

the Switches S3 and S4, the recovered charge being returnable 
to the plasma display panel 14. The reference numeral 122 
denotes a voltage clamper, which by controlling switches SI 
and S2 clamps a sustaining pulse to the ground level or the 
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a prescribed voltage -VS, and which by controlling the on/off 
timing of the switches SI and S2, performs control so as to 
make the charge recovery period T long or short. 

Fig. 3 is a drawing showing the case in which it is 
5 possible to make the charge recovery period T long or short, 
the sustaining pulse shown at the left being an example of 
making the charge recovery period T short; and the the 
sustaining pulse shown at the right being an example of making 
the charge recovery period T long. In this embodiment, 

10 although the charge recovery timing controller 4 is 
configured so as to perform simple control to two conditions, 
one for the case in which the charge recovery period T is made 
short, and one for the case in which the charge recovery period 
T is made long, it will be understood that it is further 

15 possible to employ a configuration in which finer control of 
a number of steps of charge recovery period T is performed. 

The operation of a drive circuit for a plasma display 
panel configured as described above is as follows. 

An input image signal 1 is input to the data processing 

20 circuit 2. Simultaneously with this, a vertical 
synchronization signal of the input signal is input to the 
drive controller 3, and used as a reference signal for 
controlling the drive sequence and the input image signal 
synchronization . 

25 At the data processing circuit 2, signal processing and 

re-arrangement of the input image signal 1 are performed, the 
results being sent to the data electrode drive circuit 9, and 
the intensity of the input image signal for each frame or each 
field is accumulated by the image signal accumulator 16, 
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normalization thereof being performed^ and the result being 
sent to the drive control circuit 3 as the image signal 
accumulation signal 5. 

At the intensity controller 5 provided at the drive 
5 controller 3, if, based on the image signal accumulation 
signal 6, the accumulated intensity of the image signal 
accumulation signal 6 is high, the number of sustaining 
light-emission pulses is reduced, thereby suppressing the 
screen intensity. 
10 Additionally, an intensity control signal 21 for the 

purpose of controlling the charge recovery period T is sent 
it] from the intensity controller 5 to the charge recovery timing 

controller 4, the charge recovery period T being changed in 
il' synchronization with control of the number of sustaining 

15 pulses by means of the .intensity controller 5. In the case 
in which the image signal accumulation signal 6 indicates a 
reduction in the screen intensity, the intensity control 
signal 21 makes the charge recovery period T of the sustaining 
pulse long, and control is performed so as to reduce a 
20 worsening of the gray-scale characteristics by load 
variations, and in the case in which the image signal 
accumulation signal 6 indicates an increase in the screen 
intensity, the intensity control signal 21 makes the charge 
recovery period T short, so as to increase the peak intensity. 
25 In an alternate configuration, the image signal 

accumulation signal 5 is input directly to the charge recovery 
timing controller 4, without passing through the intensity 
controller 5. 

It is alternately possible to provide a power 
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consumption detection means for measuring the power 
consumption of the plasma display panel, and to control the 
charge recovery period T based on the detection results from 
this detection means. 
5 Fig. 5 is a block diagram showing a second embodiment 

of the present invention. 

In the second embodiment, even if image signal 
accumulation signal indicates low value, for an image having 
a small difference in intensity in the intensity distribution 
10 within the screen, control is performed so as to give priority 
to achieving gray-scale characteristics, as opposed to making 
ijj ^ display giving priority to achieving peak intensity. It is 

.''f therefore possible with the second embodiment to achieve a 

yj- 

■Jl display with superior gray-scale characteristics, even in the 

H 

15 case of a overall dark display screen. 

this configuration, first intensity data of the RGB 
1=1, cells for each pixel is compared to determine if it is higher 

or lower than a reference value, the number of pixels for which 
CI- the intensity is higher than the above-noted value is then 

?! 20 counted for each frame or each field, after which, in the case 

in which if there is a large number of pixels having an 
intensity higher than the above-noted reference value, 
control is performed to shorten the charge recovery period 
T so as to give priority to intensity. However, if the number 
25 of pixels having a higher intensity than the reference value 

is small, control is performed to lengthen the charge recovery 
period T, so as to give priority to gray-scale 
characteristics . 

Thus, in the second embodiment, a bright area 
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accumulator 18, which is a counter for counting the number 
of pixels having an intensity higher than a pre-established 
reference value, is provided, and in the case in which the 
value counted by the bright area accumulator 18 is below a 
5 pre-established set value, the charge recovery timing 
controller 4 performs control so as to make the charge 
recovery period relatively long. For this reason, the bright 
area accumulation signal 15, which is the output signal from 
the bright area accumulator 18, is directly input to the 
10 charge recovery timing controller 4. 

By adopting the above-described constitution, a plasma 
ij| display panel drive apparatus according to the present 



invention as described above maintain the same gray-scale 



•il characteristics as in the past for a screen having a high 

□J: 15 average intensity, and enable the high peak intensity for a 

"'^^ screen having a low average intensity* 
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